Myosins play an important role in various developmental processes in plants. We have identified 14 myosin genes in rice (Oryza sativa cv. Nipponbare) genome using sequence information available in public databases. Phylogenetic analysis of these sequences with other plant and non-plant myosins revealed that two of the predicted sequences belonged to class VIII and the others to class XI. All of these genes were distributed on seven chromosomes in the rice genome. Domain searches on these sequences indicated that a typical rice myosin consisted of Myosin_N, head domain, neck (IQ motifs), tail, and dilute (DIL) domain. Based on the sequence information obtained from predicted myosins, we isolated and sequenced two fulllength cDNAs, OsMyoVIIIA and OsMyoXIE, representing each of the two classes of myosins. These two cDNAs isolated from different organs existed in isoforms due to differential splicing and showed minor differences from the predicted myosin in exon organization. Out of 14 myosin genes 11 were expressed in three major organs: leaves, panicles, and roots, among which three myosins exhibited different expression levels. On the other hand, three of the total myosin sequences showed organ-specific expression. The existence of different myosin genes and their isoforms in different organs or tissues indicates the diversity of myosin functions in rice.
Introduction
Myosins are a superfamily of molecular motor proteins responsible for the actin-based motility in eukaryotes (Kiehart 1990 , Mermall et al. 1998 , Shimmen et al. 2000 . Typically, myosins consist of three major domains namely head, neck and tail domains. The head is the motor domain, which is highly conserved and contains ATP and actin binding sites (Dominguez et al. 1998 , Houdusse et al. 1999 . The neck domain (helical region) binds to calmodulin or calmodulin-like light chains and this region has a consensus sequence IQXXXRGXXXR, which is called the IQ motif (Bement and Mooseker 1995) . The tail domain is highly variable in sequence and length and is composed of different motifs for various functions.
Based on the phylogenetic analysis of 143 head domain sequences from different organisms including plants, myosins were divided into 17 classes (the myosin homepage, http:// www.mrc-lmb.cam.ac.uk/myosin/). However, at least one more new class (class XVIII) of myosin has been predicted in Drosophila (Yamashita et al. 2000) . Although the head domain is the most conserved domain, the phylogenetic analysis based on full-length myosins resulted in nearly similar classification, indicating that all three domains evolved together (Goodson and Spudich 1993) . On the other hand, only a subset of myosin classes can be found in any specific organism. So far 28 genes falling into nine classes of myosins (I to III, V to VII, IX X and XV) have been identified in mammals (Sellers 2000) . The Caenorabditis elegans genome contains 17 genes belonging to seven groups (classes I, II, V to VII, IX and XII) of myosins (Yamashita et al. 2000) , whereas Saccharomyces cerevisiae has five sequences grouped into three types (classes I, II and V) of myosins (Brown 1997) . In Drosophila, at least 12 myosins have been described representing eight classes (I to III, V to VII, XV and XVIII) (Yamashita et al. 2000) . In the plant kingdom, myosins can be detected in all organisms studied including Arabidopsis thaliana (Knight and Kendrick-Jones 1993) , tobacco (Yokota et al. 1999) , lily (Miller et al. 1995) , tomato (Vahey et al. 1982) , pea (Ma and Yen 1989) , maize (Liu et al. 2001) , mung bean, cotton, rice, fern, green alga and marine diatom (Plazinski et al. 1997) . In higher plants, myosins were grouped into only two classes (VIII and XI). In A. thaliana 17 myosin genes have been identified based on motor domain searches using sequence database (Reddy and Day 2001) . Besides Arabidopsis, three maize myosins have been identified, two of which were grouped into class XI and one to class VIII (Liu et al. 2001) . Although Dictyostelium discoideum myosin Dd MyoJ is allocated into either class V or class XI (Korn 2000) , no other non-plant myosins are grouped in classes of plant myosins or vice versa, attributing different biological functions of myosins in plants and animals.
Rice has proven to be a model plant for cereals whose draft sequence was released by Monsanto (Barry 2001 , http:// www.rice-research.org). Recently, draft sequences from both japonica and indica sub-species have been finished using the random-fragment shotgun sequence method (Goff et al. 2002 . Also the international rice genome sequencing project (IRGSP) declared the completion of rice genome using a mapped clone sequencing strategy (http://rgp.dna.affrc.go.jp/ rgp/Dec18_NEWS.html). All data mentioned above has provided a valuable resource for mining myosin genes in rice genome. However, there were no reports published on rice myosins so far. Recently, two detailed reports on predicted myosins from Drosophila and Arabidopsis genome sequences were published (Yamashita et al. 2000, Reddy and Day 2001) . In this article, we report the identification, classification and expression pattern of rice myosins using the sequence database and our experimental data.
Results

Identification of myosin homologs using public sequence databases
A total of 56 sequences encoding myosins and/or homologs were identified by searching all resources available as described in the Materials and Methods. Some of the sequences were redundant as the sequence of a myosin or its homologue overlapped between two YAC or BAC clones. Most of these homologs obtained were not complete or real myosins as they contained only tail domains, and no the head or neck domains. As a result, after filtering these redundant and partial sequences, 14 complete myosins could be predicted that contained typical domains (Table 1) . The genomic regions comprising rice myosins were 8,402 bp to 31,475 bp long, which encoded proteins of 1,200 to 2,344 amino acids long. Table 1 lists all the myosin genes predicted, their locations on rice chromosomes, BAC, PAC or YAC clones with accession numbers, genetic map positions, number of amino acids constituting the encoded proteins and their molecular weights. Based on this analysis we concluded that the rice genome encodes at least 14 putative myosin genes.
Phylogenetic analysis
In an attempt to classify the rice myosin sequences obtained, we have constructed a phylogenetic tree based on the amino acid sequences of known myosins. Non-plant myosin amino acid sequences were obtained from the myosin homepage. When more than five myosin sequences were available for each group, a maximum of five sequences were randomly selected to construct the phylogenetic tree. For plant myosins, all available sequences were obtained and used for analysis. The Arabidopsis myosins were from the data previously published by Reddy and Day (2001) . Other plant myosins were obtained by searching databases as described in the Materials and Methods. Since the head domain was highly conserved in all myosins, we have used the amino acid sequences of this domain for construction. These sequences were obtained by searching the Pfam (Protein families) database (http://www.sanger.ac.uk/Software/Pfam/search.shtml). Fig. 1 shows a heuristic phylogenetic tree based on myosin head domain sequences from plant and non-plant sources. Conventional myosins (class II) were used as an outgroup for rooting the tree. Analysis of the results obtained showed that all plant myosins can be grouped into three classes namely class VIII, XI and XIII, of which the myosins of higher plants were clustered only into class VIII and XI including rice myosins. These results were confirmed by constructing and analyzing two additional phylogenetic trees when only plant myosins or rice myosins were used for tree constructions (data not shown). Two out of the 14 myosins belonged to class VIII and the rest were grouped into class XI. These sequences were named as Oryza sativa Myosin XI (OsMyoXI) and VIII (OsMyoVIII) followed by alphabets for each of the myosins available in the database. For example the two myosins from class VIII were named as OsMyoVIIIA and OsMyoVIIIB, whereas the myosins of class XI were named as OsMyoXIA -OsMyoXIL.
Chromosomal distribution
In order to analyze the chromosomal distribution of the predicted myosin sequences, we performed database searches to localize the map positions of corresponding PAC, YAC or BAC clones using the data from the RGP (Rice Genome Research Program) website (http://rgp.dna.affrc.go.jp/). Fig. 2 shows the distribution of myosins on different chromosomes in the rice genome. While all the myosins were distributed within seven chromosomes namely, chromosome 1, 2, 3, 5, 6, 7 and 10, no homologs were located on chromosomes 4, 8, 9, 11, and 12. Although seven chromosomes had homologues, each one differed in the number of myosin genes it contained; chromosomes 1, 6 and 7 contained one myosin each; chromosome 5 had two and chromosomes 2, 3 and 10 contained three each. Only two genes were located on the short arms of rice chromosomes, which were OsMyoXI-I, and OsMyoXIL and the rest were located on the long arms. Moreover, two myosins OsMyoXIB and OsMyoXIG were mapped on the end of the long arms (less than 2 cM to the end) and two other sequences OsMyoXIJ and OsMyoXIK were mapped near centromere, indicating the unique distribution of myosins in the rice genome.
Characterization of putative myosin homologs
Rice myosins showed relatively conserved head domain regions at the amino acid level, similar to the myosins obtained from different eukaryotes. For example, the ATP-binding site had a consensus sequence of 5′-SGESGAGKTE-3′ and the ATP hydrolysis region possessed a consensus of LDIYGFExFxxNSFEQxCINxxNExLQQxF similar to the motifs found in the head domains of animal myosins (Cope et al. 1996) .
Comparisons between the genomic and coding sequences indicated that rice myosins consisted of 22 (OsMyoVIIIA) to 49 (OsMyoXIH and OsMyoXIJ) exons. The average length of exons was 126 bp, whereas the average length of introns was 327 bp. In general, the class VIII myosins were shorter than class XI in size with fewer exons and introns. However, these comparisons were made using the predicted coding sequence, which may be different from expressed sequences. Despite this drawback, the predicted coding sequence can be used as a reference sequence to isolate the corresponding myosin cDNA or genomic sequences.
Myosin domain analysis was carried out by submitting myosin amino acid sequences into some detection programs as described in the Materials and Methods. This search yielded domains which are shown in Fig. 3 . A typical rice myosin consisted of Myosin_N, head domain, neck (IQ motifs), tail, and Dilute (DIL) domain. However, myosin OsMyoXIL had no Myosin_N domain. Rice myosins differed among themselves in the number of IQ motifs they possessed. For example, only four IQ motifs were observed in class VIII myosins (OsMyo-VIIIA and B) and OsMyoXIG, OsMyoXIH, and OsMyoXIK. However, myosin OsMyoXIA had five IQ motifs and the rest of the class XI myosins had six IQ motifs. In addition to this, no DIL domains were observed in class VIII myosins. The tail regions were the most variable in amino acid sequences and in length among all myosins. We can conclude that all plant myosins and most of non-plant myosins have three basic domains: head domain, neck and tail domain; and no myosin_N and DIL domains were reported in other plant myosins although we could detect the two domains in some of other plant myosins in motif detection programs. In fact myosin_N and DIL domain can be found in many myosins of non-plant origin (the myosin homepage).
Confirmation of predicted rice myosins by isolating full-length myosin cDNAs
All myosins predicted thus far were candidates for complete myosins since they contained the typical domains. In order to validate the gene prediction, two candidate myosins OsMyoVIIIA and OsMyoXIE, one for each class, were selected to obtain their full-length cDNA sequences using RNA samples isolated from various tissues. The predicted sequences were used to design primer sets to amplify two partial cDNA fragments: a 5′ (from 5′-untranslated region (UTR) to middle of the gene) and 3′ (from mid region overlapping a few hundred base pairs of the 5′ fragment to 3′-UTR) fragments for each predicted gene by RACE (Rapid Amplification of cDNA Ends). These 5′ and 3′ amplified fragments were confirmed by sequencing and joined to obtain full-length cDNAs. The sequence analysis showed that OsMyoVIIIA gene had two isoforms. One of them was amplified from RNA isolated using leaves and panicles and named as OsMyoVIIIA-1, whereas the other isoform was amplified from root RNAs and named as OsMyoVIIIA-2. The OsMyoVIIIA-1 was 4,864 bp in length, consisting of 23 exons and 22 introns with a 3,639 bp of coding region. In contrast, the OsMyoVIIIA-2 gene had only 4,488 bp consisting of 23 exons and 22 introns with 3,366 bp coding region. In addition to the coding sequences, both these isoforms had similar 755-bp 5′-UTR region and different 3′-UTR regions with 441 bp in length for OsMyoVIIIA-1 and 339 bp for OsMyoVIIIA-2. Compared to the predicted OsMyo-VIIIA cDNA sequence, OsMyoVIIIA-1 and OsMyoVIIIA-2 had one more exon in head domain region and were differently spliced in last two exons. As a result, their translated amino acid sequences were different. These two isoforms show highly similar head domains, but differ from the predicted OsMyoVI-IIA head domain as they lacked sequences that encoded a stretch of 39 amino acids (data not shown). However, certain regions in tail domains of all three genes (both isoforms and predicted gene) were different.
Similarly, we obtained three different isoforms for OsMyo-XIE from leaves, panicles and roots. Fig. 4 shows the organization of these three isoforms and differences between them and with the predicted sequence. Both the myosin cDNAs isolated from leaves (OsMyoXIE-1) and panicles (OsMyoXIE-2) were Fig. 3 Schematic diagram of rice myosin structures 1, OsMyoXIA; 2, OsMyoXIB; 3, OsMyoXIC; 4, OsMyoXID; 5, OsMyoXIE; 6, OsMyoXIF; 7, OsMyoXIG; 8, OsMyoXIH; 9, OsMyoXI-I; 10, OsMyoXIJ; 11, OsMyoXIK; 12, OsMyoXIL; 13, OsMyoVIIIA; 14, OsMyoVIIIB. differently spliced and differed from the RGP-predicted myosin. Both cDNA isoforms and RGP-predicted sequence were similar from exon 1 to 26, whereas the exon 27 in these cDNAs was missing in the predicted sequence. Subsequent exons 27 to 33 for the RGP prediction and exons 28 to 34 for OsMyoXIE-1 showed no difference in splicing or sequences. However, exons 34 to 38 of the RGP-predicted sequence was from 11,987 to 12,802 base pairs and this region had only one exon (35th exon) in OsMyoXIE-1 from 11,987 to 12,311 base pairs. On the other hand OsMyoXIE-2 had the 30th and 31st exons merged together, which corresponded to the 29th and 30th exons of the RGP-predicted sequence. In addition, the 36th exon of OsMyoXIE-2 extended from 12,259 to 12,366 base pairs, whereas in RGP the 36th to 38th exons extended from 12,259 to 12,802 base pairs. On the other hand, the root isoform OsMyoXIE-3 was similar to the sequence predicted by RGP up to the 33rd exon. However, 34th to 38th exon sequences predicted by RGP were from 11,985 to 12,802 (428 bp) base pairs and the actual root isoform showed only one exon (34th) from 11,985 to 12,311 (325 bp) base pairs. The sequences of these myosins have been deposited in GenBank with the accession numbers (see the footnote).
Expression analysis of rice myosins
Members of myosin multi-gene families are expressed both spatially and temporally in various developmental stages during plant development (Tischendorf et al. 1987 , Grolig et al. 1988 , Heslop-Harrison and Heslop-Harrison 1989 , Liebe and Quader 1994 , Radford and White 1998 , Miller et al. 1995 , Reichelt et al. 1999 . In order to examine whether these predicted myosins are expressed in rice and to study their expression patterns, the total RNA isolated from various tissues was subjected to RT-PCR (reverse transcription-PCR) analysis as described in the Materials and Methods. To avoid non-specific amplification, primers were designed based on 5′-UTR or 3′-UTR sequences of myosins ( Table 2 ). The results indicated that out of 14 myosins, 11 (OsMyoXIA to G, OsMyoXIJ, OsMyo-XIL, OsMyoVIIIA, and OsMyoVIIIB) expressed in three major organs: leaves, panicles and roots (Fig. 5 ). Among these, three myosins showed different levels of expression and the rest were expressed at the same level. However, the OsMyoXID showed weak expression in leaves, but strong expression in panicles and roots. On the other hand, the myosin OsMyoXIE was expressed weakly in panicles and strongly in leaves and roots. The OsMyoXIJ showed strong RT-PCR product bands in panicles but amplified at a lower level in leaves and roots. In addition to this, the myosin OsMyoXIH appeared to be leafspecific whereas both OsMyoXI-I and OsMyoXIK were panicle specific.
Discussion
Myosins, the actin-based motility proteins found in eukaryotes, play a role in cytokinesis, phagocytosis, cell shape maintenance, organelle/particle trafficking etc. (the myosin homepage). Availability of expressed sequence tags, cDNAs, and draft or completed genome sequence information from the databases were used to predict genes that encoded myosins from yeast, C. elegans, Drosophila melanogaster, Arabidopsis, and humans and grouped them into various classes (for review refer Berg et al. 2001) . These genes were encoded by multi- gene families in eukaryotes with five members in yeast to 40 genes in humans belonging to several classes on myosins (Berg et al. 2001 ). The myosins from higher plants identified so far were unique and grouped into two classes, the class VIII and class XI and no animal myosins have been identified which belonged to these classes except Dictyostelium myosin J (DdMyoJ), which was alternatively grouped in class V or class XI (Korn 2000) . However, two algal myosin genes from Acetabularia clifftonii have been grouped into a new class XIII (the myosin homepage, Cope et al. 1996 , Vugrek et al. 2003 . The occurrence of non-overlapping classes of myosins in plants and animals suggests distinct functions of these classes.
We have identified 56 myosin sequences in the rice genome using publicly available databases and found that most of them were partial or redundant sequences. These sequences, when subjected to BLAST analysis and Pfam domain search program, did not match any known myosin sequences. For example, RGP predicted five myosins on chromosome 1 (accession numbers AP003294, AP003341, AP003450, AP003293, and AP003118) which had a few motifs of myosin, but when analyzed in detail they showed no homology to known myosins. Filtering off the partial sequences and redundant genes yielded 14 complete myosin genes which contained typical myosin domains. Using phylogenetic analysis we grouped rice myosins into class VIII and XI, similar to the myosin classes reported in Arabidopsis, maize and other plant myosins (Reddy and Day 2001 , Liu et al. 2001 , Berg et al. 2001 . The existence of these two classes in both dicotyledons and monocotyledons suggests that the origin of plant myosins predates the divergence of dicotyledons and monocotyledons. Furthermore, within class VIII or class XI and even within subclasses of class XI, myosins from monocotyledons or dicotyledons 
OsMyoVIIIA 3′-UTR RT-PCR 133 2177UTR3NR 5′-ATTTTGGGACCGAGGGAGAA-3′ 3400GSPF 5′-GAGTGCTTGCTTGAGAATTGATGGTGTTG-3′ 3′-RACE products for OsMyoVIIIA RACE -3400GSPR 5′-CAGTCAAACAAATGGGCGTAAATGGA-3 5′-RACE products for OsMyoVIIIA RACE -2837GSPF 5′-CGGACAGCCTTTACAATCAACCACTATGC-3′ 3′-RACE products for OsMyoXIE RACE -2837GSPR 5′-TGGTTTAAGTACAGCATTGGGTTTCACAC-3′ 5′-RACE products for OsMyoXIE RACE -have not clustered together and myosins from within a species such as Oryza sativa are also not in a cluster. This fact suggests that the evolution of myosins could be species independent. However, 12 out of these 14 rice myosins (86%) belonged to class XI. Similar high numbers of class XI myosins were identified in the Arabidopsis genome where 13 out of 17 (77%) were grouped into this class (Reddy and Day 2001) . The class XI rice myosins can be allocated into two subclasses based on a separate phylogenetic tree analysis using rice myosin head domain sequences (data not shown), similar to the subclasses of myosins observed in other plants , Mooseker and Cheney 1995 , Liu et al. 2001 . However, functional differences between these two subclasses are yet to be determined. In addition to the typical head, neck and tail domains, the major class of plant myosins, class XI, is similar to class V of other eukaryotes as both contain DIL domain and 5-6 IQ motifs (the myosin homepage). The rice class XI genes were unique as they contained both Myosin_N domain and DIL domain which was found in many non-plant myosins. In order to validate the myosin genes predicted by programs, corresponding cDNAs have to be isolated and their expression patterns have to be analyzed in various tissues. In this regard, we have isolated two cDNAs OsMyoVIIIA and OsMyoXIE, one for each myosin class, sequenced them and compared these with the predicted sequences. Our results indicated that there were a few differences between the predicted and isolated cDNA sequences in exon prediction, validating the applicability of the prediction programs to identify myosin genes. We have observed different isoforms of OsMyoVIIIA and OsMyo-XIE genes in leaves, panicles and roots. Similarly two maize myosin isoforms (ZMM1 and ZMM4) have been found from a cDNA library, but whether these were from same or different tissues has not been reported (Liu et al. 2001) . However, in non-plants, many isoforms were detected, which played different roles in development (Kellerman and Miller 1992 , Breckler et al. 2000 , Buss et al. 2001 , Dose and Burnside 2002 . For example, Myosin VI was expressed a number of different splice variants (Kellerman and Miller 1992) , containing either a large 13 or 17 amino acid insert or a small 9 amino acid insert in C-terminal tail (Breckler et al. 2000) , and showed a tissuespecific expression pattern (Buss et al. 2001) . RT-PCR analysis of predicted rice myosins showed that most of the myosins expressed in all three major organs tested, namely leaves, panicles and roots and some of myosins were organ specific. However, the primers used for RT-PCR were designed based on 3′-UTR or 5′-UTR regions which failed to show the isoforms of different myosins which possessed same UTR sequences. Hence cDNAs from all the predicted myosins should be isolated from all the organs to see whether there exist more isoforms for rice myosins. Despite their expression in major organs, different myosins may play a role in different developmental stages or in different tissues of the same organ.
In conclusion, we have identified 14 myosin genes in the rice genome and classified them. In addition, we have partially characterized them for their expression in major organs, intron/ exons structure and other features. This is a preliminary analysis performed with the available sequence information and gene prediction tools to predict the rice genes. In future a large number of myosins may be uncovered in the rice genome when complete sequence information and better gene analysis tools are available. Despite several reports on myosin's existence in different plant species, no mutant has been identified in plants, which makes it difficult to determine functions of various myosins. It is imperative to identify all the isoforms of myosins and their expression patterns to understand their functions in plants. Apart from characterizing the isoforms at a molecular level, biochemical and immunological studies should be carried out to elucidate the roles of myosins.
Materials and Methods
Plant materials and growth conditions
Japonica rice (Oryza sativa cv. Nipponbare) was used for all RNA extractions. The RNA was extracted from the following tissues: leaves from 3-week-old plants, flowers at immature and mature stages of development. Ten-to 20-day-old seedlings grown on MS media at 25°C under 16 h light/8 h dark conditions were used to isolate RNA from roots.
Isolation of full-length cDNA of myosin genes
Full-length myosin cDNA fragments were isolated by RACE, as described by Frohman et al. (1988) using the RACE system (Clontech) following the manufacturer's protocol. Primers used for RACE were designed based on predicted myosin cDNA sequences listed in Table 2 . The PCR products of expected size were purified from agarose gel using Qiagen Gel Extraction Kit and were cloned into pGEM-T easy vector (Promega). These fragments were sequenced using DNA Sequencing Kit (PE applied Biosystems). Sequencing reactions were carried out in PTC100 (MJ Research, Inc.) thermocycler using the ABI cycle sequencing protocol: 25 cycles at 96°C for 30 s, 50°C for 15 s and 60°C for 4 min. The sequencing samples were precipitated by adding 1/10 volume of sodium acetate (pH 5.2) and two volumes of 95% ethanol, quenched on ice for 10 min, centrifuged for 20 min, air-dried 10 min at 65°C, and analyzed using an ABI 377 automatic sequencer.
RT-PCR
RT-PCRs were carried out using Qiagen One-Step RT-PCR kit. Total RNAs from three different tissues (leaves, panicles and roots) were used as templates. Primers were designed based on the 5′-or 3′-UTR of myosins as described in Table 2 . PCR amplifications were performed in 50 µl reaction mixtures with 200 ng of total RNA, 400 µM of each of dNTPs, 0.6 µM each of primers, 1.25 mM MgCl 2 , 10 units of RNase inhibitor, 2 µl of enzyme Mix, and buffer provided by the supplier. The reactions were performed in PTC100 (MJ Research, Inc.) thermocycler. The program used for PCR was 50°C for 30 min and 95°C for 15 min followed by 35 cycles at 94°C for 40 s, 55°C-68°C for 1 min (depending on the T m value of primers) and 72°C for 1 min; the reaction was terminated with a 10 min extension step at 72°C.
The search for rice myosins
We have used several ways to search and predict rice myosin sequences. The first rice myosin gene was identified when a Ds flank-ing sequence from rice insertion line was subjected to BLAST and BLASTX searches by Kolesnik et al. (2004) . This myosin was named as O. sativa myosin XI B (OsMyoXIB). The head domain and fulllength amino acid sequences of this myosin were used to identify other myosins with a high similarity using program BLASTP and TBLASTN in TIGR database (http://tigrblast.tigr.org), NCBI database (http:// www.ncbi.nlm.nih.gov), DDBJ database (http://www.ddbj.nig.ac.jp), NIAS DNA bank Rice BLAST (http://riceblast.dna.affrc.go.jp), Oryzabase (http://www.grs.nig.ac.jp/rice/oryzabase/top/top.jsp), and Gramene (http://www.gramene.org) databases. All predicted myosins were used for similarity searches in order to confirm predicted myosins and to detect new candidates. Alternatively databases were searched using "myosin" or "rice and myosin" as keywords. The databases used for this approach are as follows: Shared Information of GENetic resources (http://shigen.lab.nig.ac.jp/dnadb/), Oryzabase, Gramene and NCBI databases. Besides rice myosins, other plant myosins were obtained from the myosin homepage (http://www.mrc-lmb.cam.ac.uk/myosin/ myosin.html) or by searching NCBI protein database using "plant myosin" as a keyword. All myosins from non-plants were obtained from the myosin homepage. Several rice annotation programs such as RiceHMM program (http://rgp.dna.affrc.go.jp), RiceGAAS (http:// ricegaas.dna.affrc.go.jp), and the New GENSCAN Web Server at MIT (http://genes.mit.edu/GENSCAN.html) were used for predicting fulllength myosin coding regions and their proteins.
Identification of motifs in the putative rice myosins
Motifs in the putative rice myosins were identified using the ISREC profile scan server (Bucher et al. 1996 , http://hits.isb-sib.ch), and also utilizing Pfam program (http://www.sanger.ac.uk/). BLASTP in NCBI database was also employed to analyze myosin domains. Two programs were employed to detect coiled coil regions (http://theory. lcs.mit.edu, Berger et al. 1995 and http://www.ch.embnet.org, Lupas et al. 1991) .
Sequence alignment and phylogenetic analysis
Preliminary sequence manipulations were performed by using program DNASTAR. The sequence alignment was generated by using ClustalX (Version 1.8) (Thompson et al. 1997) . The aligned amino acid sequences formed the basis for the phylogenetic analysis. Maximum-parsimony (MP) and maximum-likelihood (ML) analyses were performed using the program Mac PAUP 4.0b8 (ppc) (http://www. paup.csit.fsu.edu). Heuristic search option with MULPARS, TBR (tree-bisection-reconnection) branch swapping, ACCTRAN (accelerated transformation) optimization, and random addition with 100 replicates was used to find the best tree. Bootstrap analysis was used to investigate tree support of MP and ML trees. Bootstrap supports (BS) of specific nodes (Felsenstein 1985) were estimated with 500 replicates for ML analysis and 1,000 for MP under default options as implemented in PAUP program. Nodes with BS values over 70% were considered significantly supported with 95% probability (Hills and Bull 1993) .
